Background Intraoperative hypothermia is a common adverse event. For avoiding the complication due to hypothermia, many warming devices and methods have been used in perioperative period. It has been reported that more patients undergoing laparoscopic surgery tend to have hypothermia than with open surgery. To avoid intraoperative hypothermia, many kinds of warming tools have been used. But, it was also reported that some warming methods increased perceptions of distraction and physical demand. Methods To achieve both patients' normothermia and surgeons' comfort, new air conditioning (AC) system was designed with considering the characteristics of laparoscopic surgery. The temperature of the airflows to the patient and to the surgeons can be adjusted independently in this new system. The new system has two parts. One controls the temperature of the central area over the operation table. The air from this part falls on the patients. The other part is the lateral area beside the operating table; the air from this part falls on the surgeons. The subjects of this study were 160 gastric cancer patients and 316 colorectal cancer patients undergoing laparoscopic surgery. The temperature of the central flow was set 23.5°C, and the temperature of the lateral flow was set 22°C just after the anesthesia. The number of timepoints the patient spent in hypothermic state, defined as a temperature cooler by 0.5°C or more than that at the starting point of surgery, was determined in each patient. Results In the results, the rate of hypothermic state in old operation rooms was 23.8% and that in new operation rooms was 2.7% in male gastric cancer patients (p \ 0.01). And those were 37.1% in old operation rooms and 0.9% in new operation rooms in female gastric cancer patients (p \ 0.01). The rate of hypothermic state in old operation rooms was 30.0% and that in new operation rooms was 9.5% in male colorectal cancer patients (p \ 0.01). And those were 41.6% in old operation rooms and 8.9% in new operation rooms in female colorectal cancer patients (p \ 0.01). The similar results were showed in the study, which subjects were limited the patients undergoing surgery in 2015 and 2016; which were the last year the old operation rooms were used and the first year the new operation rooms were used. Conclusions Thus, the usefulness of the new air conditioning system for achieving both patients' normothermia and comfort of surgeons could be verified in this study.
Introduction
Intraoperative hypothermia is a common adverse event. It was reported that more patients tended to have hypothermia among those undergoing laparoscopic surgery compared to those undergoing open surgery [1] [2] [3] . In laparoscopic surgery, a large area of the patient's skin is exposed to the room air, and it is difficult to warm the patient's body. The cold and dry carbon dioxide gas used to induce pneumoperitoneum is another likely cause of hypothermia [1, 2] . One of the most important and overlooked problems, which is common with open surgery, is that there is often a discrepancy between the most comfortable temperature for the patient and that for the surgeons. During many surgeries, the patient is mostly naked and lying on an unheated operative table. A surgeon wears a surgical gown and faces rigorous mental and physical challenges involved in surgery. The temperature that is comfortable for the patient is often too hot for the surgeon, and thus, the surgeon may ask that the operating room (OR) temperature be lowered. This easily leads to hypothermia in patients, whose blood vessels are dilated by anesthetics.
For the precise control of patients' body temperatures while maintaining surgeons' comfort, a new concept air conditioning (AC) system was adopted in the newly constructed ORs at Kagawa University Hospital. In the present study, the body temperatures and the amount of bleeding of patients undergoing laparoscopic surgery in the new ORs with the AC system were compared with those of patients undergoing laparoscopic surgery in the 'old' ORs without the AC system in order to evaluate the effects and utility of the new AC system. OR nurses were interviewed about the surgeon's reports concerning the AC, as an evaluation of the surgeons' comfort.
Patients and methods

Patients
The subjects of this study were 160 gastric cancer (GC) patients and 316 colorectal cancer (CC) patients who underwent laparoscopic surgery in an OR at Kagawa University Hospital during the [7- year period from January 2011 to February 2018. The hospital's new ORs were completed at the end of December 2015. The patients who underwent surgery in either an old or new OR were the subjects of the first part of this study (Table 1 ).
In the second part of the study, the cases of only the patients who underwent laparoscopic surgery in 2015 (the last year of the old ORs) or 2016 (the first year of the new ORs) were examined. This more limited population was selected to keep the surgical staff as consistent as possible ( Table 2 ). This study was approved by the ethics committee of Kagawa University (approval no. 2017-014), and the requirement for informed consent was waived for this retrospective analysis.
Patient position and warming tools
All patients underwent the surgeries in the lithotomy position. Their chest and upper limbs were warmed using devices with warmed air bags. The backs of the GC patients were also warmed by a warm blanket, but the backs of the CC patients could not be warmed due to the use of a bodyfixing device for maintaining the Trendelenburg position Ages are reported as mean ± SD during surgery. The intravenous fluid was not warmed [4] . No amino acid administrations were used on our patients [5] [6] [7] . The carbon dioxide gas for pneumoperitoneum was neither humidified nor warmed [8, 9] .
The new air conditioning system
Each of the new AC systems set into the ceiling of the hospital's new ORs has a high-efficiency particulate air filter (HEPA filter) for infection control, as is common in ORs [10] . However, there is a key difference from previous operating room AC systems. The new system has two parts. One controls the temperature of the central area over the operation table; the airflow from this part of the AC falls on the patient. The other part is the lateral area beside the operating table; the AC's airflow for this falls on the surgeon(s). The temperatures of the airflow to the patient and the airflow to the surgeon can be adjusted independently. Thus, the patient on the operation table can be warmed by the central airflow and the surgeon can be cooled by the lateral airflow. The cost of the new AC system was 6.7% higher than that of the previous AC system used in the old ORs.
Control of the airflows temperatures
In the old ORs, the temperature of the airflow of the single AC system was controlled at 25°C before the patients were brought into the OR. After anesthesia was administered, the temperature was set at the temperature preferred by the surgeons. In the new ORs, the temperature of the airflows of both the central and lateral AC system was kept at 25°C before the patients were brought into the ORs. Immediately after the induction of anesthesia, the temperature of the central flow was changed to 23.5°C, and the temperature of the lateral flow was changed to 22°C. After that, the temperature of both airflows was controlled as directed by the surgeon.
Sampling and computation of measured temperatures
The body temperature of each patient was measured continuously by a sensor that was inserted into the bladder. The temperatures were archived in the anesthetic record automatically. The patient's body temperature just before the surgery and the body temperature every 10 min from 10 to 100 min after the start of surgery were recorded. The differences between the body temperature at the starting point of surgery and the body temperature at each 10-min checkpoint were calculated. The number of timepoints the patient spent in a hypothermic state, defined as a temperature cooler by C0.5°C more than that at the starting point of surgery, was determined in each patient.
Evaluation of body temperature
The frequencies of the hypothermic state in the patients undergoing surgery in the old ORs (the 'old OR group') were compared with the frequencies in the new ORs (the 'new OR group'). The data of the patients who underwent surgery during the years from 2011 to 2015 were compared with those of the patients who underwent surgery from the beginning of 2016 to February 2018. The data of the patients who underwent surgery in 2015 (in the old ORs) were compared with the data of the patients who underwent surgery in 2016 (in the new ORs). Separate evaluations were performed for the male and female patients with either type of cancer (GC or CC).
Bleeding
The amount of bleeding in the operation period of all patients was extracted from the anesthetic records. The bleeding amounts of the old OR group were compared with those of the new OR group. The rate of patients receiving a blood transfusion was compared between the old and new OR groups.
Interview regarding surgeons' assessments of the new AC system
There were 46 nurses in the hospital's operative theater during the study period. For the present study, the chief nurse interviewed the OR nurses. She asked the nurses whether or not a surgeon had expressed any concerns or problems regarding the new AC system, during or after a surgery. The interview results were reported by the chief nurse to the study investigator.
Statistical analysis
The Chi-square test and Student's t test were used to compare differences between patient groups and interview results.
Results
The patients body temperature
Gastric cancer
(1) The male GC patients
Ten timepoints per patient were used for the evaluation. However, in two patients who underwent surgery in an old OR, the laparoscopic procedure was finished only 80 min after the start of the surgery. Thus, there were 726 timepoints of the 73 male patients who underwent surgery for GC in the old ORs and 300 timepoints of the 30 male patients in the new ORs; for each timepoint, it was determined whether or not the patient's body temperature revealed that he was in a hypothermic state. The rate of hypothermic states among the male GC patients was 23.8% in the old OR group and significantly lower at 2.7% in the new OR group (p \ 0.01) ( Fig. 1) .
(2) The female GC patients There were 340 timepoints for the 34 female GC patients who underwent surgery in the old ORs and 230 timepoints for the 23 female GC patients in the new ORs. The rate of hypothermic state was 37.1% in the old OR group and significantly lower at 0.9% in the new OR group (p \ 0.01) ( Fig. 1 ).
Colorectal cancer
(1) The male CC patients
In four of the male patients whose surgery for CC was performed in an old OR, the laparoscopic procedure lasted only 40, 60, 60 and 70 min; among those whose surgery was in a new OR, there was one patient whose surgery lasted only 70 min. Thus, there were 1133 timepoints of the 115 patients who underwent surgery in the old ORs and 717 timepoints of the 72 patients in the new ORs. The rate of hypothermic states was 30.0% in the old OR group and significantly lower at 9.5% in the new OR group (p \ 0.01) (Fig. 2) .
(2) The female CC patients
In five of the female patients whose laparoscopic surgery for CC was conducted in an old OR, the procedure ended only 40, 60, 60, 60 and 90 min after the start of the surgery. Thus, there were 891 timepoints of the 91 female patients in the old ORs and 380 timepoints of the 38 patients in the new ORs. The rate of hypothermic states was high at 41.6% in the old OR group and significantly lower at 8.9% in the new OR group (p \ 0.01) (Fig. 2) .
The patients' body temperatures in 2015 versus 2016
The analyses of only the patients who underwent surgery in 2015 or 2016 revealed the following findings. in the old OR group and significantly lower at 11.0% in the new OR group (p \ 0.01) ( Fig. 4) .
Bleeding amounts
Gastric cancer
The amount of bleeding of all of the old OR patients with GC was 100.5 ± 122.3 g and that of the all of the new OR patients was significantly lower at 55.4 ± 91.8 g (p = 0.02). There were three patients who received a blood transfusion in the old OR group, and none in the new OR group. 
Surgeons comfort
None of the surgical nurses reported hearing any type of grievance from a surgeon regarding the new AC system for the ORs.
Discussion
Intraoperative hypothermia causes many complications. Patients with hypothermia tend to have delayed awakening from anesthesia [11] . The body's serum adrenalin level rises in the hypothermic state, and this causes a peripheral circulatory insufficiency and increases the risk of myocardial ischemia [12] . The hypothermic state augments blood loss and the transfusion requirement [13, 14] . Hypothermia was also reported to cause immunosuppression [15, 16] and to influence tumor growth and worsen the prognosis of cancer patients [3, 16] . Moreover, patients with intraoperative hypothermia tend to have more surgical site infections [17, 18] , and the hypothermia affects patients' outcomes [5, 6, 17] . Thus, the 2017 US Centers for Disease Control (CDC) guidelines highly recommend that the intraoperative body temperatures of patients are adequately controlled [19] . Many approaches have been used in attempts to avoid patients' intraoperative hypothermia. The effectiveness of warmed intravenous fluid [4] and the usefulness of amino acid administration [5] [6] [7] have been described. The utility of patient prewarming before surgery has been studied [20, 21] , and many types of warming tools have been used intraoperatively [22] [23] [24] . However, the area of skin surface warmed by such tools is much narrower in laparoscopic surgery than in open surgery, and warming tools are therefore not always effective for patients undergoing laparoscopic surgery. It was also reported that the warming tools did not influence surgeons' technical performance in short operative tasks, but the tools increased surgeons' perceptions of distraction and might influence their performance in long-duration operations [25] . The surgeons' comfort should thus be considered when testing warming tools and AC systems.
For the prevention of intraoperative hypothermia in patients while maintaining the surgeons' comfort, a new countermeasure was implemented at our hospital, i.e., a new AC system was installed in every OR after an initial investigation in an experimental room. To verify the merits of the new system, the present study determined the frequencies of the hypothermic state in patients undergoing laparoscopic surgery in the old and new ORs. Hypothermia has been defined as a body temperature 'lower than 36°C' [26] . In the present patient series, the body temperatures of the GC patients before surgery showed a 2.0°C difference (35.3-37.3°C) and that of the CC patients showed a 2.8°C difference (35-37.8°C). Thus, the precise effect of the AC system cannot be evaluated by using the absolute value of body temperature, and the hypothermic state was defined herein as a temperature cooler by C0.5°C compared to that at the starting point of surgery.
An earlier study at our hospital demonstrated that the patient's gender affects the body temperature of patients Fig. 4 Rate of colorectal cancer patients with hypothermic state in new operation rooms was less than that in old operation rooms (2015) (2016) undergoing laparoscopic surgery [27, 28] . The reason for this phenomenon is that male patients have rich visceral adipose tissue protecting the mesenteric vessels from the cold carbon dioxide gas, whereas the visceral adipose tissue of female patients is much thinner. The frequencies of the hypothermic state of the males and females were thus evaluated separately in the present analyses.
The first part of this study revealed significant reductions in the frequency of the hypothermic state in the new ORs compared to the frequencies observed in the old ORs, suggesting the effectiveness of the new AC system. However, anesthesiologists and nurses in operation theaters often switch hospitals or change assignments within the hospital. It is undeniable that within the approximately 7-year study period, these changes could introduce significant differences in techniques that would affect the patients and the rate of hypothermia. Thus, only the GC and CC patients operated on in 2015 and 2016 at our hospital were selected for the second analysis, to exclude the influence of the turnover of staff in the operative theater to the greatest extent possible.
The difference in the amount of bleeding between the old OR and new OR groups among GC patients and the blood transfusion results may reflect the effect of the new AC system, but some surgeons switched hospitals during the study period. It thus cannot be declared that the new AC system is able to decrease the perioperative complication of hypothermia. Other complications such as anastomotic leakage were not examined, because these complications are more influenced by the technique of each surgeon, some of whom left the hospital.
The present results indicate that the new two-airflow AC system is useful for maintaining the body temperature of patients undergoing laparoscopic surgery. The effect of this system seems to be derived not only from the warm airflow for the patients but also from the cool airflow for the surgeons. The results of the nurse interviews revealed that none of the surgeons were dissatisfied with the new AC system. The reason for this result may be that with the new AC system, the surgeons can control the temperature of both airflows freely if they become uncomfortable. In other words, the surgeons were satisfied with the AC system by receiving the cool airflow, and lowering the temperature of the airflow on them will not lower the body temperature of the patients. Alternatively, even if the surgeons become too hot and lower the temperature of the 'surgeons' airflow,' the warm airflow for the patients prevents the patients' hypothermia. There was no instance of lowering the temperature of both airflows which would affect the patient's body temperature. The new AC system seems to be effective at keeping surgeons comfortable. The surgeons tended not to dictate the lowering of the temperature of the airflow to the patients. The concept of the new AC system in an OR has been to cool the surgeons rather than warm the patient. This is the most important point. The new twoairflow AC system provides a completely new method for warming patients in the OR.
In addition, the new AC system has some merits that are particular to laparoscopic surgery. In terms of the surgeons' posture during an operation, they stand erect in laparoscopic surgery so that only the laterally flowing cool airflow falls on them, whereas they tend to take a somewhat stooped or bent-over posture in open surgery such that some of the warm airflow would blow on their heads. In laparoscopic surgery, the surgeons are not influenced by the warm air falling on the patient, and they can maintain their comfort. The warm air falling on the patient is not obstructed by the surgeon's head. There is no need to use a surgical light in laparoscopic surgery, and thus, the warm air can fall on the patient's body directly.
Laparoscopic surgery has some demerits related to maintaining adequate patient body temperatures, including the patient's position for the surgery, the area of skin surface able to be warmed and the use of cold carbon dioxide gas [1, 2] . However, laparoscopic surgery has some merits for the patients such as a surgeon's posture, the lack of the need for a surgical light and the warm airflow falling directly on the patient (when the new AC system is used). The number of laparoscopic surgeries is increasing dramatically, and the cost of the new AC system is not very high considering that it has clear benefits for both patients and surgeons and that its cost is a one-time investment at construction. Such AC systems should be introduced into all ORs used for laparoscopic surgeries.
There are several limitations to this study. The old ORs at our hospital were closed for reconstruction just after the completion of the new ORs, and thus, a randomized study could not be performed. The anesthesiologists and staff nurses in the new ORs were not exactly the same as those in the old ORs, even for the second part of the study. However, the occurrence of hypothermic states was greatly reduced in the new ORs. The usefulness of the new AC system was verified in this study.
